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Abstract-Land treatment is a method of handling wastes produced by the petroleum refining industry and others. This method allows the simultaneous treatment and final disposal of the waste. This study represent a fundamental filed investigation to follow the land treatment method for disposing of an oily sludge produce by Daura Refinery Wastewater Treatment Plant. The sludge typically consists of (84.5-86.2) % water, (4.7-5.3) % oils, and (8.4-9.25) % sediments. It is characterized by law contents of phenol, nitrogen, and heavy metals of environmental concern. Loamy sand soil land located inside Daura Refinery was selected and divided into a1-sq. meter plots. A range of sludge application rates was applied to add the sludge to (mix with) the upper 15 cm soil layer of 18 plots, whereas 6 plots left as control plots. The applications range included three applications ratios of (fresh sludge wt., dry soil wt.) as (1:3), (1:6), and (1:10), each of them was applied in three application intervals: weekly, monthly, and seasonally. Selection of the best application rate was made with regard to sludge degradation and land area requirements. Soil samples were tested for oil residue, heavy metals, total nitrogen, electrical conductivity, pH, and aggregate stability. The results show that, monthly (1:10) application rate caused neither considerable downward oil migration in the soil nor significant accumulation of oil, heavy metals, or salts in the soil. However, it maintained neutral soil pH and improved soil aggregate stability. Oil biodegradation in the soil was encouraged by soil weakly tillage.
Index Terms-Land; Oily Sludge; Soil; Treatment.
I. INTRODUCTION
The oil refining industry is considered one of the most important industries, which produce significant amounts of pollutants and waste. Ultimate disposal of oily sludge has been a problem for years, and increasing pressure by environmental agencies has reduced disposal alternatives. Land treatment allows the simultaneous treatment and final disposal of the sludge. It is a managed treatment and an ultimate disposal process that involves repeated controlled application of oily or biological sludge to a given soil (or soil-vegetation system), and the promotion of naturally occurring microbial assimilation to convert hydrocarbons and organic matter to end products of CO2, H2O, and increased humus content of the soil [1] , [2] . It is also named as land farming, land spreading, land application, sludge farming, soil cultivation and land disposal [3] .
Land treatment is the designation officially recognized by the US Environmental Protection Agency [3] . In addition to petroleum refining industry, it has been used successfully for the treatment and disposal of other industrial waste such as wastes from the wood preserving, pulp and paper, pharmaceutical, and food processing industries. Sewage and agricultural sludges have been also land treated [4] , [5] .
Land treatment of oily waste and sludges had been investigated since seventies of last century [6] - [8] . During the eighties and nineties, more detailed studies had been carried out to investigate optimal conditions for land treatment of oily sludge regarding decomposition rates and effect on plant [9] , [10] , potential movement of oil compounds in soil [11] - [13] , loading rates [14] - [17] , effect on run-off quality [18] , [19] . After 2000, considerable research works directed towards factors influencing biodegradation of oily sludge and hydrocarbons in soil [20] - [28] .
In Iraq, the sludge produced by Daura refinery Wastewater Treatment plant was used to be burned on specially imported heated sand by incinerator. The incinerator was found to have some practical problems during operations such as frequent clogging of filters, considerable losses in fluidized bed sand and combustion difficulties caused by high water content of the sludge and low dewatering efficiency. The main purpose of this study is to investigate the use of land treatment method as an alternative disposal for the sludge. Oil degradation in soil, and soil conditions changed by sludge land treatment were investigated in particular.
II. MATERIALS AND METHODS

A. Materials
A homogenous soil sample was prepared by collecting surface soil from a selected site inside Daura Refinery and spreaded over a (27m x 8m) land area inside the refinery. The soil was classified as Typic torrifulvent and its texture was loamy sand. Some physical and chemical properties of the soil were determined as shown in Table I . Soil bulk density was determined by Core method, and particle size distribution by the hydrometer method after sieving [29] . Electrical conductivity (EC) was measured in (1:2) water extract while pH was measured in (1:2.5), [30] . The soil had low total nitrogen content (0.01%) and slightly alkaline pH (7.41). The land was leveled and divided into 24 plots of one square meter each distributed on one-meter spacing and each of them surrounded by 10 cm height bricks to be isolated from the others. Constant irrigation of (40 liters) raw water by two-day intervals was followed to irrigate each plot throughout the experiments of this study. It was found (by field trail runs) to keep soil moisture above 10%. Water used for irrigation was supplied from raw water network of the refinery which drawn water from the Tigris river.
Sludge used in this study was taken from Sludge Thickening Tank of Wastewater Treatment plant of Daura Refinery which consist of two stages of API separator (floatation), coagulation, dissolved air floatation, aeration, clarification and disinfection. The sludge was periodically analyzed as shown in Table II . 
B. Methods
Sludge mixing with upper 15 cm soil layer continued during four months according to different sludge application rates. Application rates had two variables. The first was sludge application ratio, using three (wt./wt.) ratios (1:3), (1:6), and (1:10) as sludge fresh weight: soil dry weight). The second was sludge application intervals, using three intervals as weekly, monthly, and seasonal (4 months). Other factor was tillage of the upper 15 cm soil that mixed with the sludge. So, nine plots were used for the three ratios and the three application intervals, and other nine corresponding plots having similar sludge application ratios and intervals were subjected to weekly tillage. Totally, 18 plots were used to cover the three independent factors (application ratio, application intervals, and tillage) beside six control plots. The sludge quantitated by a balance, applied by buckets, and mixed with the soil using manual shovel. The weekly soil tillage was, also, made by shovel.
Soil sampling for all soil tests was carried out by collecting three separate random soil samples from each plot being tested. The three samples (of each plot) were well mixed to give one representative soil samples for the plot. Some of important soil characteristics that were expected to be effected by sludge application were checked after the four months passed. Soil pH was measured in (1:2.5) water extract [30] . Heavy metals that were originally included by the applied sludge (Cd, Cr, Cu, Pb, and Zn) were checked with respect to permissible limits keeping plant and animal health. Total heavy metal extraction was carried out by strong acids (HNO3-HCIO4, HNO3-H2SO4, or HCl-HNO3), and measured by Atomic Absorption Spectrophotometry [31] . Soil salinity by means of Electrical conductivity (ECe) index was measured in (1:2) water extract [30] . Total nitrogen content was measured according to Kjeldahl disgestion method [29] . Aggregate stability indicated by measuring soil Mean Weight Diameter (M.W.D) by wet sieving process using Yoder machine [29] . Oil content of soil samples was measured gravimetrically for soil extracted by Bezen (BDH), [32] .
Oil downward movement was indicated by measuring oil content for soil samples of 25-30cm depth. Oil degradation with soil tillage effects was checked by the difference in oil content of soil samples of 0-15 cm depth taken after the first seasonal sludge application by one day and four months, respectively. For the same plots and depth, soil samples were tested for total microbial content before (by two days) and after (by four months) of the seasonal sludge application according to pouring plate Count method [33] .
III. RESULTS AND DISCUSSION
During the four months of the successive sludge application, different sludge quantities were applied to the plots according to the different comprised application rates (treatments). Table III lists total sludge quantities applied through the four months. The different treatments had different effect levels on soil conditions and characteristics. 
A. Oil downward movement
Considering third column of Table IV , it can be distinguished that considerable oil contents were observed at the weekly treated plots, indicating considerable oil downward movement. Also, a rather considerable oil movement can be deducted in the plots treated by the monthly (1:3) and (1:6) treatments, whereas no obvious oil movement can be noticed in the plots of the seasonal treatments, as well as, in the monthly (1:10) treatment relative to the control plot. High oily sludge application rates made the excessively applied oil move downward in soil by gravity or with the aid of irrigation water through infiltration causing oil downward migration. In low oily sludge application rates, most of the applied oil could be retained (adsorbed) in soil mixing zone (the upper 15cm layer), indicating no obvious oil movement. 
B. Oil degradation with tillage effect
Oil degradation in the soil studied for the seasonal treated plots to permit more time for degradation. Very restricted oil downward migration was observed in seasonal treatments; hence, most of the applied oil was under degradation action at the upper 15 cm layer. Soil tillage was independent factor affecting oil degradation beside sludge application rate. Table V lists results of oil content tests obtained for soil samples (of 0-15 cm depth) taken from weekly tilled and corresponding none tilled plots. The results show that, degradation ratio increased with decreasing application ratio, and soil tillage enhanced oil degradation. This observation can be explained in terms of microbial population found in the soil responsible for oil biodegradation. Soil microbial mass multiplication (growth) may be as an indicator of oil biodegradation because the major products of oil aerobic biodegradation are H2O, CO2, and new microbial cell [4] , [34] . Table VI lists the results of soil total microbial count before and after the four months of the seasonal oily sludge application, and microbial growth. Soil tillage enhance soil aeration which, in turn, increase oil degradation because aerobic biodegradation is much more rapid and complete than anaerobic. In addition, soil tillage improves physical dilution and uniform distribution of oil in soil to have a better contact between oil and soil microorganisms, which break down the oil, resulting in increasing oil biodegradation [4] , [35] . --*Difference (degraded oil)= oil content of (1 day -4 months) **Oil degradation ratio = (difference in oil content / oil content of 1 day) * 100%
It may be worth mentioning that, all of the obtained oil degradation ratios were relatively high. That may due to relatively low oil content (5%) and presence of acclimated microbial populations in the sludge used (provided from the biological treatments unit of the Wastewater Treatments Plant of the Refinery). Combined effects of both soil tillage and decreasing sludge application ratio made the (1:10) tilled treatments the best one according to oil degradation ratio. It has greatest (95.7%) oil degradation ratio. Accordingly, the monthly (1:10) treatments has the highest oil degradation ratio relative to the other monthly and weekly treatments. 
C. Soil pH
The fourth column of Table III gives pH tests results of the treated plots and the control plot. Generally, the overall measured pH range was (7.41-7.82 ). This range is within the optimal pH range (6.5-8.0) for microbial activity as well as for the formation of insoluble precipitates, and it results in the immobilization of certain heavy metals [4] . As application rate increased, pH increased slightly, too. This may due to alkalinity of the sludge that overcome soil buffer capacity. Table VII lists total content of the measured heavy metals (Cd, Cr, Cu, Ni, Pb and Zn) in soil of two treated plots 1 and 6 and the control plot 11. Table VII lists also, tolerable total content of the metals in soil with regard to the health of vegetables, livestock, and man. Generally, soil heavy metal increased with increasing application rate. However, their contents in the treated soil with the monthly (1:10) treatments were far below the tolerable total contents. Keeping soil pH above 6.5 results in metal immobilization due to precipitation as carbonates, hydroxides, phosphates, etc. [36] . Soil pH of the plot monthly treated was 7.41 (Table IV) . Thus, this treatment is expected to enable innocuous and sludge application regarding heavy metal content of the treated soil.
D. Heavy metals
E. Soil salinity by Electrical conductivity (ECe) index
Sixth column of Table IV shows that the ECe of all treated plots is higher than that of the control one, and the increase in ECe is proportional to sludge application ratio and is inversely related with the application intervals. This may be due to the presence of soluble salts included in the applied sludge, particularly because EC of the sludge was (2.58-3.66 mS/cm) ( Table II) . The U.S. Salinity Laboratory Staff [38] proposed a classification of saline soils with respect to the expected salt damage to croups depending on the ECe into; non-saline, moderately saline, very saline, and extremely saline soils. This classification is illustrated in Table VIII . It can be noticed that most of the treated soils did not meet an effective saline range (<4 mS/cm), especially, those of seasonal and monthly (1:10) treatments which had a slight preponderance in ECe of (0.03-0.08 mS/cm) relative to the control plot. 
F. Total Nitrogen content
Considering fifth column of Table IV , it can be concluding that soil total nitrogen content increased with increasing sludge application rate (increasing sludge application ratio and decreasing is intervals). This may be attributed to the nitrogen contained by the applied sludge, Table II . Presumably, the increased nitrogen content is, also, due to microbial cells accumulation and/or microbial metabolism by-products of oil biodegradation.
G. Soil aggregate stability as shown by Mean Wight Diameter (MWD) index
The third column of Table IV illustrates the measured Mean Weight Diameter MWD for soil samples of the treated soil plots and the control plot. It is obvious that sludge application caused a diametric increasing in the MWD of soil aggregate, especially, of the weekly and the monthly treated plots. The increase in MWD means increasing soil aggregate size, which is caused by the added organic matter, mainly oil, included by the applied oily sludge. Soil particles might be agglomerated with the aid of this organic matter. In addition, oil hydrophobic nature retards water penetration during the wet sieving (of MWD test) and prevents soil destruction. Many works also reported that poor wettability and water repellency can be caused by microbial growth in the soil which might give higher values for aggregate stability indices [39] , [40] . In weekly (1:3) treatments, intensive sludge application may disperse some of soil aggregates, causing a reduction in the MWD in comparison to that of the weekly (1:6) treatments. Generally, the increase in the MWD improves soil conditions like aeration and erosion resistivity. Although soil aggregates were stabilized largely through the weekly treatments, the excess sludge levels developed in the soil may have adverse environmental effects such as phytotoxisity, water pollution potential, and soil wettability reduction.
IV. CONCLUSIONS
Based on the results obtained by this study, monthly sludge application according to (1:10) (fresh sludge wt: dry soil wt.) (i.e., 20 l of fresh sludge /m2) is the best application rate among the other ratios studied. It lade to proper oil degradation rate (85.9-95.7% applied oil /4 months) with no considerable downward oil movement, heavy metals accumulation, pH change, and salinity buildup in the treated soil. It resulted in an appreciable increase in soil total nitrogen (from 0.01 to 0.04%) content and remarkable improvement in soil aggregate stability (MWD improved from 0.22 to 1.05 mm). Weekly soil tillage increased oil degradation effectively.
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